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RESEARCH MEMORANDUM

FLIGET INVESTIGATION AT SUBSONIC, TRANSONIC, AND
SUPERSONIC VELOCITIES OF THE HINGE-MOMENT CHARACTERISTICS,
TATERAT~CONTROL EFFECTIVENESS, AND WING DAMPING IN ROLL
OF A 60° SWEPTBACK DELTA WING WITH
HALF-DELTA TIP ATLERONSt
(Revised)

By C. William Martz and James D. Church

SUMMARY

A flight investigation of an NACA hinge-moment roll research model
consisting of a sharp-nosed cylindricel body equipped with a cruclform
arrangement of 60° sweptback delta wings, two of which were equipped
with half--delts tlp controls, was conducted at the ILangley Pilotless
Alrcraft Research Station at Wellops Island, Va. Reduced data, obtained
at zero angle of attack, are presented as the veriation with Mach number
of damping-in-roll coefficient, alleron rolling-moment coefficient,
lateral—control effectiveness, and hinge—moment coefficient at various
deflectliomns.

Results indicated that the half—delta tip ailleron (hinge line at
63.5 percent allercon root chord) was very well balanced, especially at
transonic end supersonlc speeds. Hinge-moment coefficlents were found
to reduce sbruptly at a Msch number of 0.91, indlcating a rapid rearward
center—of—pressure shift.

The measured damping—in—roll coefficients were approximately 34 per—
cent lower than the values predicted by lineer theory at supersonic Mach
numbers. Subsonic values of the damping—in—roll coefficient were found °
to be about 28 percent lower than predicted by lifting—line theory
corrected for sweepback and compresslibility effects.

Aileron rolling-moment coefflcients were found to be approximately
78 percent of the values predicted by linear theory at supersonic Mach

loriginally issued Feb. 7, 1950 as NACA RM LOLLk.

|




: S ok 4 15251

numbers., . There were no ebrupt changes in aileron rolling-moment coef-
ficlents at transonic speeds. !

Rolling effectliveness of a delta-wing configuration, calculated from
reduced date of the ilnvestigation, agreed favorably with previous rocket- .
test results. Only & small loss In rolling effectiveness wag obtained at
transonic speeds. The delta~wing configuration was found to retaln more
than half of 1ts subsonic rolling effectiveness at a Mach number of 1.5.

INTRODUCTION

As part of an endesvor to provide aerodynamic design data for
gulded missiles and high—speed aircraft, a free—flight program was ini-
tieted to determine the hinge-moment and rolling characteristics of a
gerles of pramising wing-ailleron conflgurations. It had been indicated
from free-~flight rocket tests (reference 1) that half—delta wing—tip
ailerons provide satisfactory lateral—control effectiveness throughout
the trangonic and low-supersonic speed ranges. It was further realized
that half-delta tip allerons provided ample opportunity for aerodynamic
balance, both because of the mechanical sase of locating hinge axes and
because of the small movement of center of pressure with moderate changes
in deflection angle snd Mach number. In addition, it was known that thin,
highly swept wings of low aspect ratio offer the adventage of low drag.
Therefore, & 60° sweptback delts wing with half-delta tip ailerons was
chogen as the first of this serles for the present investigation.

Results obtained in this investigation included hinge momemnts,
demping—in-roll moments, aileron rolling moments, and rolling effective—
ness from Mach numbers of 0.69 to 1.52 for gll aileron deflections
between +5° at zero engle of attack.

SYMBOLS
b wing span, 2.58 feet -
[ wing mean serodynemic chord, l.4k9 feet
[N aileron mean aerodynamic chord, 0.385 foot
8 total wing ares in one plane, 2.89 square feet
S area of one alleron, 0,095 square foot
5 deflection of one aileron, degrees
P, D rate of roll, radlans per second
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M

Mach number
mass density of alr, slugs per cubic foot

free—stream velocity, feet per second
pVe
dynamic pressure, pounds per square foot T

coefficient of viscosity of air, slugs per cubic foot—second

Reynolds number (RE—Y-)

n

longitudinal acceleration of model, g units

acceleration of gravity

aileron hinge-moment coefficient
(Hinge moment about hinge line)

aSaCq

damping—in-roll coefficlent, per radian
Damping~in—roll moment on damping wings

alleron rolling-moment coefficient, per degree
(Tota.l aileron rolling momsnt)

5qbS

All rolling moments are taken about the longitudinal axis.

MODEL

The hinge—-moment roll research model used in this Investlgation con—

sisted of a sharp-nosed cylindricel body equipped with a cruciform
arrangement of 60° sweptback delta wings. A drawing of the model and
booster showing the over—ell dimensions 1s presented in figure 1, and a
photograph of the model is shown as figure 2.




NACA RM 151G18

Two of the diametrlically opposlite wlngs were equipped with tip
allerons and two of the wings were affixed to a rolling-moment balance
beam as shown dlagrammatically in figure 3. The wing panels had a
modified hexagonal airfoll section, the maximum thickness ratio of which
varlied linearly from 2.32 percent at the root chord (at fuselags center
line) to 9 percent at the parting line of the wing and aileron. The
half-delta tilp ailerons, fastened to the outboard ends of borque rods,
had modified double—wedge airfoil sections with a constant thickness—
to—chord ratio of 3 percent. The gap between the alleron and & fence
mounted on the tip chord of the wing penel was 0.0L inch. Figure 4 1s
a sketch showing the detall dimensions of the wing and aileron, and
figure 5 ia a photograph of the wing-elleron assgembly. The latter
figure also illustrates the gap existing between the fuselage skin and
the damping-wing surface. :

It was found from preflight wing torsion tests that estimated flight
loads would produce negligible wing twist. :

INSTRUMENTATION

The model was equipped wlth an NACA telemeter which transmitted the
following £light data: normal and longlitudinal acceleration, static and
total-head pressure, aileron deflection end hinge moment, angular rolling
veloclty, and rolling mcment. . - —

A balance to measure aileron hinge moments and a control—position
indicator to measure alleron deflections were constructed as Integral
parts of a control power unlt, the unlt being mounted in the after part
of the wing ssection.

Rolling moment wes obtalned by rigldly mounting the two damping—in-—
roll wings to the fres end of a steel cantilever balance beam. No artl—
ficlel damping was employed in this assembly.

In addition to this model instrumentatlon, a radlioscnde recorded
atmospheric data at all altltudes shortly after firing. Flight—path
date were obtalned with e radar tracking unlt and CW Doppler radesr was
used to determine initiel flight velocitles. Photographic tracking was
also employed to obtaln a vlsual record of any flight peculia.ri'bies or
structural failures during the flight.

\-“ONFJ:DENTIA@
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TECHNIQUE

The technique utilized in this investigation consisted of mschani—
cally pulsing the ailerons throughout the entire flight such that their
deflection varied sinusoidally with time, The pulsing frequency was
I cycles per second and the amplitude *5°. This technique enabled hinge—
moment data to be obtained for all asilleron deflections over the complete
Mach number range tested. All hinge-moment date were corrected for the
inertla effects of the sileron and control linkage caused by the pulsing
motion as well as the load—~deflection effects of the control linkage.

The response of the model to the sinusoldal control input involved
motion sbout the roll axis only (as was substentiated by a normal
acceleromster reading of zero obtained throughout the flight). Thus,
angle~of-attack effects were consldered negligible upon the results.

By considering the model to be restricted to cne degree of freedom (roll),
the elleron rolling moments were determined by an application of the
method of least squares, as 1s shown In the appendix.

Wing rolling moments were measured dlrectly by telemstered deflec—
tions of the rolling-moment balance beam from which the wing damping—in—
roll was determined as shown In the appendix.

ACCURACY

Although hinge moments were measured directly from telemetered
deflections of a calibrated hinge-moment beam, errors were introduced
into these measurements largely by lnaccuracles in Instrumentation.

Instrument phase—lag errors resulted In a substantial loss in
accuracy of the demping—in-roll results at subsonlc velocities. The
large number of calculatlons necessary in the reductlion of the demping-
in-roll dasta and the aileron rolling-moment data resulted in a small



decrease in accuracy of these results.
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The followlng table has been

prepared to indicate the estimated probable percentage error of the
rolling parameters through the wveloclty range:

Subsonic Transonic Supersonic
QentitY | _ 5,69 to 0.85) | (M = 0.85 to 1.15) | (M = 1.15 to 1.52)
c, 12 *10 7
j
c, i3 15 8
3

All hinge moments were measured with a possible error of ﬂ:]% inch~pounds.

RESULTS AND DISCUSSION

Flight conditions existing at the time the data were obtained
resulted in a Reynolds number variation with Mach number, as presented
for reference in figure 6.

Hinge moments.— All hinge-moment date presented in this report were
obtained during decelerated flight (~3.5 < az < 0) and at zero angle of
attack.

The variation of hinge—moment coefficient with aileron deflection lis
presented in figure 7 over a Mach number range of 0.69 to 1.52. These
coefficlents were obtained for the alleron moving in both posltive and
negative directions, as is indicated by the curve symbols. The presented
curves were falred through the average of the values obbained under the
ebove two conditions since the reason for dlsagreement 1s not apparent
. at this time. At Mach numbers from 0.69 to 0.84 the varlations are seen
to be epproximately linear, which indilcates the center—of—pressure loca~
tion of the 1ift load on the alleron to be Invariant with deflectlon.

The positive slopes of the curves indicete.(for a trimmed condition)

that the center of pressure was forwerd of the hinge 1ine which was

at 63.5 percent of the alleron root chord. At a Mach number of 0.91 the
curve retains most of the positive slope, but asg Mach number is increased
to 0.92, a large decrease in slope 1s observed.. This decrease in slope

is an indication of a rapid rearward shift in the center--of-pressure
location, most probably the result of & loss in 11ft over the nose section
of the a.ileron and will be seen later in a different form. The varia—
tion of G wi'bh ® 1is also less linear at M = 0.92, indicating

WO TEE
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a small rearwerd shift in center—of—pressure location with Iincreasing
deflections. The shapes of the hinge—moment—coefflclent curves from
M=0.95 to M= 1.52 change only slightly, the curves decreasing in
slope as Mach number is increased. AL low alleron deflectioms the slopes
of the curves remain positive, but at higher deflections the slope
approaches zero and finally becomes negative at the highest deflec~
tions (#4° to #5°), indicating the center of pressure has moved rearward
with increasing deflection. Wind—btunnel-test results at M= 1.9 of a
model similar to thet used in the present investigation (reference 2)
indicate that the center—of—pressure locabtion at zero angle of atback
was slightly behind the hinge line for the test deflectlion rangs of +10°.
Differences in Mach number between the tunnel results and the present
tegt results do not allow & valld comparison to be made.

It should be polnted out that the aileron was out of trim throughout
the Mach range. Thls can be seen in flgure 7 by the negative values of
aileron hinge—moment coefficient at zero deflection., The varlation of
this oubt—of—trim moment with Mach number cen be seen mors esgsily in
figure 8, which is a cross plot of figure 7 and presents the variastion
of hinge-moment coefficient with Mach number for various alleron deflec—
tions. The out—of—trim moment, Indicated by the vertlcal displacement
of the zero-deflectlon curve, was found to Increase suddenly from a
value of —0.005 at M = 0.8% +to a maximum value of —0.011l at M = 0.91.
The out—of—trim moment then decreased with increasing Mach number and
approached & negligible value at M = 1.52. Out of trim has been pre—
viously experienced in "symmetrical" delte wings and is believed to be
the result of small comstruction errors. Figure 8 again shows the large
decrease in hinge-moment coefficients et M = 0.91. It should be pointed
out, however, that the subsonic velues, slthough lerge in comparison with
the transonic and supersonic vaelues, are actually small as compared with
values obtalned for other present—type allerons.

Rolling parameters.— Figure 9 presents the damping-in-roll results
of the investigation in coefficlent form (C],P) from M = 0,69

to M= 1.,52. Included for comparison are theoretical CZP values

(reference 3) for 1 <M < 1.6 which are based on a 60° sweptback delts
wing of identical plen form with no body. Also included for comparison

is one wind—tunnel test point at M = 1.62 {(reference 4) for a uniplanar—
wing model with a ratio of wing span to body dlameter approximately equal
to that of this investigation. The shape of the damping curve obtalned in
this investigation is seen to compare favorably with linear theory within
the compareble Mach range; the actual difference in magnitudes between the
curves, however, ceannot be explained by experlmental Inaccuracy. The
ratio of wing damping with a body to wing demping wlthout a body as
obtained theoretically (reference 5) for an identicel body-dismeter —
wing—span ratio as that tested indicates a 4—percent increase in Cq

D
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for the body—on condition. It is therefore unlikely that disagreement
in the comparison of test results with linear theory and the tunnel test
point resulted primarily from body effects. It is belleved that thils
disagreement is the result of mutuasl wing—Interference effects of the
cruciform configuration whlch were not. consldered in the uniplanar—wing
theory. Subsonic values of® C7, were found to be about 28 percent

lower than predicted by lif'bing—line theory corrected for sweepback and
compressibility effects (reference 6). At transonic velocities small
abrupt changes occurred in C, - its magnitude first increasing, then

decreasing, and finally slightly increasing again with the total varla—
tion approximately 22 percent of the mean value.

The varistion of ailercn rolling-moment coefficlent 0'7'8 with Mach

number is presented in flgure 10 over & Mach range of 0.69 to 1.52. Calcu—
lations of CZS based on linear theory (reference T) are presented for

comparison at supersonic Mach numbers. The test results were found to

be from 15 percent to 30 percent lower than theory at supersonlic Mach
mumbers. This difference is the result of the noneppliceble assumption
of an infinitely thin alrfoll utilized in the linear theory. Tunnel tests
of & similar model (reference 8) have indicated no apprecisble variation
in Cza with moderate changes in parting-line gep. It is interesting

to note that there are no sharp bresks or rolling-moment losses at tran—~
sonic Mach numbers. There was, however, a 45—percent decreese in CZS

between the Mach numbers of 1.0 and 1.5.

Figure 11 presents the variation of wing-tip helix angle per umit
b /2V
L / as calculated for a. steady—state rolliing con—~

dition from the Cl-_p and C'-"S data obtalned in the present investige—

tion. Imtroduced for comperison are rolling-effectiveness data obtained
from free—flight rocket—test models (reference 1). The characteristic
decrease in effectiveness at Mach numbers slightly less than M =1
resulted primerily from the lncreased damping—in-roll values at these
velocities, but this loss in effectiveness was small (10 percent) com-—
pared Wi'bh other wing-elleron configurations, scme of which have
reversed effectiveness. The 60° wing-eileron combination tested also  _
was found to retain 65 percent of the subsonic rolling—effectiveness
value et M = 1.5.

ailleron deflection
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CONCLUSICNS

The following conclusions msy be drawn from the results of the inves—
tigation:

1. The half-delta tip alleron with a hinge—line location at 63.5 per—
cent root chord, although slightly overbalanced throughout the flight,
exhibited very small hinge-moment coefflcients, especially at transonic
and supersonic velocities. An abrupt reduction of hinge-moment coeffi-
clent occurred at a Mach number of ‘0.91, indicating a rapid rearward
center—of—pressure shift.

2. The hinge-moment dasta indicate the alleron center of pressure to
be constant with deflectlon at subsonic Mach numbsrs. At transonic and
supersonic Mach numbers, however, a small reerwerd cenber—of—pressure
ghift was indiceted for Increaesing positive and negative deflections.

3. It is believed that minor differences in the febrication of
"symmetrical" airfoll sections result in appreciable out—of—trim effects
for airfoils which employ a large amount of asrodynamic balance.

4. At supersonic speeds the damping—in—roll coefficient Czp was

Pound to be approximately 34 percent lower than predlcted by linear
theory within the comparsble Mach renge. At subsonic speeds C; was
P

found to be sbout 28 percent lower than corrected lifting—line theory.
At transonic velocities small abrupt changes occurred in CZP — its

magnitude first increasing, then decreasing, and finally slightly
increasing again with the total variation approximately 22 percent of the
mean value.

5. The alleron rolllng-moment coefficient C7'8 decreased 45 percent
et Mach numbers from 1.0 to 1.5. There were no abrupt changes in CZS

in the transonic speed range.

6. The results indicate the rolling effectiveness (at small angles
of sttack) of a delta wing with tip allerons to be very satisfactory at
both subsonic snd supersonic speeds. The characteristic loss In rolling
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effectiveness at transonic speeds (found to be the result of increased
demping in roll for the present configuration) was only 10 percent for
the configuration tested, whereas other type wing-aileron combinstions

suffer serious reductions snd even reversals in rolling effectiveness
at these speeds. ' '

Langley Aeronautical Leboratory
Nationel Adviscry Committee for Aeronautics
Lengley Alr Force Base, Va.

ONFELANETSN
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APPENDTX

METHOD OF REDUCING ROLI, DATA

The following least—equare aspplicaetion was utilized in determining
the alleron rolling-moment—coefficient results from the telemeter data
recorded in the investigation.

Symbols

totel rolling moment measured at wing balance beam,
£5-1D

out—of—trim rolling moment of damping wings, ft—1b

out—of—trim rolling moment of model, ft—lb

totel wing area in both planes, 5.78 sq £t
[s1 = (2s)]

damping—-in—roll coefficient, per radien
Total d.a.m_ping_—in—ro].‘l_ moment
pb

angle of bank, radians
tims derivatives of o

moment of inertle of model about longitudinel axis,
slug—ft2

moment of inertle of damping wings about longitudinal

axis of model, slug—ft2

angular deflection of demping wing under applied
flight loads measured about model longitudinal
axls, radians

time derivatives of &

time references
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Method

The single—legree—of—fresedom roll equation
Iy —C 2 qbS1d = -C,_8gbS + L, (1)

contalne all the rolling moments applicable to the test model while in
flight., The derivatlives 07‘5 and Czpl are assumed to be consbtant at

any particular Mach number. (This assumption wes found to be valid
within the acouracy of the present investigation.) For convenience, the
following ldentitles are substituted in the preceding equation:

‘-1
b
K, = —Cy == qb
1 Iy, BV ¢ Sy
)
Kp = -Cy5qbS ; (2)
-t
The resulting equation
LY+ chb = K8 + K3
is multiplied by each of its varisbles tc obtaln:
LA + K99 = K89 + K § (32)
I + K §F = K8 + Kgb (3v)

I + K98 = K 8% + KB | (3c)
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By recording several simulteneous measurements of the three vari-
- ables (¢, ¢, end &) at constent Mach number from the telemster record,
the following constants can be evaluated:

A

S =Ty B2 2

B

2(39) = Guy by * Gy, + Gpgdyg + e o s
Y (58)
Y ()
G
Y (59)
)
Y (82)
> (8)

Replacing the variables in equations (3) with the above measursd
constants ylelds three simmlteneous equatioms

Q
I

ﬁi-blatl -+ Elitgs'bg + Ep.t38t3 + 4 o .

—

\ Evaluated as A, B, and C

H oo b Q@ &= H
]

i

-l

LA + KB = K0 + KB (La)
LB + K3F = KpG + K3H (bp)
I,C +EKG=KJ + K3L (4e)

The three unknowns K;, Ky, and K3 are obtained from the solution
of these equations, and, from equation (2), Cyy 18 caloulated.

Rather than use the model rolling response to determine wing damping
in roll, a more accurate means was used in which the actusl rolling

i 4
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moment of the wings was measured through the use of a rolling-moment
balance. This balance measured the total moment on the wings which
inciuded the moment due to wing inertils, wing demping moment, and out—
of—trim rolling moment. The following egquation contains all the com—
ponent moments measured by the balance:

= L($ ~ 8) -

Cz ev qu(cp 0) + I’°1

The least—square application to this equation was used as before to
determine the damping—in—roll coefficient C; .

The varlables used 1n the least—square appllicatlions were obtained
from the telemeter record, a sample of which 1s illustrated in figure 12,
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Photogreph of pulsed-control roll research vehicle.
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